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(54) Satellite-based cellular telecommunications system utilizing an earth station subsystem 

(57) The present invention includes a satellite 
based telecommunications system having an earth sta- 
tion network which enables user terminals to remain 
registered with a single visitor location register inde- 
pendent of satellite movement so long as the terminal 
remains within a fixed geographic location area. The 
preferred embodiment includes multiple earth stations 
which communicate with user terminals via coverage 
satellites. Each user terminal Is registered with a single 
visitor location register. As the user passes between 
location areas, the user terminal re-registers at a new 
associated visitor location register. Earth stations and 
mobile-services switching center/visitor location regis- 
ters (MSC/VLRs) are interconnected along a dedicated 
earth station network link. Communications data is 
passed along the earth station network link between 
MSCA/LRs and earth stations in a compressed and/or 
encoded format. Each MSCA/LR is interconnected 
along a terrestrial network link with a gateway and the 
public switching telephone network. Communications 
data is passed along the terrestrial network link in a 
decompressed and/or decoded format. Optionally. 
MSCA^LRs may be located physically remote from 
earth stations. When MSCA/LRs and earth stations are 
provided at a common physical site, a modem switch Is 
provided to selectively interconnect the earth station 
and MSC/VLR and the earth station network link. Earth 
stations and MSC/VLRs communicate along the earth 
station network through wide area network interfaces. 
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Description 

BACKGROUND OF THE INVENTION 

In known terrestrial . cellular telecommunications s 
systems the resources that enable a terminal (e.g., 
mobile phone, fixed terminal, etc.) to communicate on^ 
the system are fixed with respect to the tenain. Gener- 
ally the.tenBin is divided into d^nct cells 2 (Fig. 1} 
which rriay be grouped into location areas 9. By way of io 
exarTtple; the borders of the location areas 9 are set 
forth in bold. The location areas 9 are grouped into 
mobile service syvitching centers (MSG) regions 6. The 
MSG regions 6 together constitute the service area of a : 
Public Land Mobile Network (PLMN) 8. ' ' is. 

: Each cell is supported by a unique set of .radio ^ 
resources, including a radio tower. These resources are 
part of a Base.Station.Subsystem (BSS). The resources 
devoted to a ^ngle cell are supported by a Base Trans- , 
ceiver. Station (BTS). The terrestrial area includied in a 20 
cell Js therefore dictated by the coverage capabiiities of 
its associated radio tower. A location area is a set of 
cells which are treated as a, common pool of radio 
resources for certain functions such as tiie paging of a 
terminal to notify it of an incoming call. That is,. all cells- 25, 
in, a location area would page the called temriinal. By 
grouping cdls into location areas, the system dairies a^ 
larger terrestrial area than that supported by a single- 
cell. Hence, a terminal is allowed to roam over a larger 
area and still have the cellular network consider its posir so, 
tion as being 'known*. ^ 

A location area. In turn, will belong to one and only 
one MSG region. A MSG region is the geographical 
area served by a Mobilerservices Switching Genter ■ 
(MSG) (for exanrple, MSGs ,11,or 21 of Fig. 1) and its ' 35^ 
associated Visitor Location Register (VLR) (for example^ 
VLRs 13 or 19 of Fig. 1). MSGs and VLRs^may be^. 
paired together. When it is not irnportant to make a func- , 
tionaj distinction between an MSG and a VLR. the pajr- 
is referred to as an MSG/VLR. The MSG is the point at 40,. 
which a pellular network interfaces its radio resources 
network into a traditipnah land-line based network. Also 
the MSG .r^y interface with, the Pufcflic.Switched: Tele- 
phone Network (PSTN), In which.caseritjs referred to as ; 
agateway-MSC.(GVy:MSC)v5, \ v - .v . >rr :y > 

,; -.Wh€n a terminal fis purchased, ^it; is- assign©^^ 
mobile-services integrated .vservicesi digital- ne^tvyork- 
(MSISDN) nurr^er, i.e., a ropbile.phpne; number, fr^ 
the. stock of riumb^rs assigned to the cellulariservic.es 
provider. This number and subscriber service infqrma- . so 
tion is entered into a data base, called a Home Location , 
Register. (HLR):, 3. When a termirial .is .turned on, it 
searches the airwaves for a broadcast channel which Is 
transmitting Jocation area Jdentificatipn (LAJ) irtfprma- 
tion. Each BTS operates. such a broadcast channeHn its . 55 
cell. The terminal receives the LAI inforrriation and cpnv; 
pares it to the LAI stored in its memory. The LAI . in the 
ternriinars memory may be programmed by the termi- 
nal's^ veridor if it has just been purchased, or itmay be: 



the, LAI of the location area.of the, terminal at tiie time 
that it was last turned off orJeft the!services area. If the 
broadcast and memory-resident LAIs rfiatch, then the 
terminal goes into a standby mode and, is ready to orig- 
inate or terminate calls. . 

. If the.two LAIs do not match, then the terminal must 
re-register, for the network is not aware of the terminal's 
current location. The terminal registers by signaling 
(through, the , BSS) to the MSG/VLR wtiose region 
includes the terminal's cun-ent location area. For exam- 
ple, in Fig. 1, terminal l would register by agnaling.tp 
MSGA/LR 11/13. The MSG/VLR 1 1/13 notes the ternti- 
nal's current location area and determines whether tiie. 
terminal is already registered with it in a preyious loca- 
tion area in the same MSG region 6. If so, then the . 
MSG/VLR 11/13 changes the terrrtinal's. location data, 
the registration ends, and the terminal enters a standby 
mode. However, if terminal 1 were to movefrorn location 
area 9 to location area 4, the terminal 1 must re-register . 
witin/MSGA/LR 21/19. Otherwrise, neither MSG/VLR . 
1 1/13 nor MSG/VLR 21/19 vvill be able to access terrrii- 
nal 1 since MSG/VLR 21/19 will lack tiie.necessary ter- 
niinal identification and location information, and.^since 
MSG/VLR 11/13 will be too remote to maintain an RF 
comrrtunicationsJink with the terminal.l. To effect re-, 
registiratipn. the MSG/VLR 21/19 inforrfis the terminaPs - 
HLR 3 that tiie MSG/VLR 21/19 is serying4he,terminai. 
The? HLR 3 notes this- irtfornriation^and ched^s . to see 
whether the terminal 1 was previously registered, with 
another MSG/VLR, such as MSG/VLR 11/13, If a previ- 
ous registration existed, the HLR deletes tl;iis old regis- , 
tration and signals . tfie MSG/VLR 11/13 ;hold^ titie 
previous regisfratipn Information to de-register the ter- 
minal. . \ . - - / • - . 

* ThjB purppse of this excharige of ;information is to 
enable the routing of moljiie-terminated, calls (calls to' 
the terminal) and to be.abletojdentify the terminal wheri 
it. places mobile<>riginated calls, (calls. from the teririij 
nal)/tf such re-registration did npt.occur, calls placed to 
terrninal 1 ;Would be lost since, gateway 5 will route such 
calls^ to MSG/VLR ;l 1/13 the last ^ 

taiovm^MSGyVLR registered with tiie-HLR 3 for ternriirial . 
1:. Jhe use of the VLR and HLF^ jnfornTation In PLMjvIs is. 
described below. .- ^ ^ . ^ . . - 

^ . Mobile-terminating caH^^^ ter-- 
rfiina!: subscriber ata GW-MSC; The method^ fo 
the^ll,tp tiie GWtMSC rnay be'anys^^ 
practicebased o^n^the M 

rninal,. The .GVV-fulSG /examines . the . call^^ terrninaj's . 
MSISDN riurnber andideterrnines which HLR seryes itie 
^fc>scriber. B^sed on this irrforniation.^tiie GW-MSQ sigr 
nals that HLR and requests information on hqw,to route . 
tiie call to the terminal. The HLR consults its data base 
and.iinds the^MSCA/LR serving, ttie terminal, this is 
why, the MSG/VLR had to ir^orm; the. HLR -,that :the;, 
M.SGA/Lr was serving, tiie termjnal. The HLR infornris 1 
tiie VLR tiiat a call is pending for ttie terminal, with;the 
called. MSISDN number, and tiie HLR requests ^ tele- 
phone number at ttie MSG;tp which -the call can be 
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routed. 'the VLR delivers that telephone number to the 
HLR, and the HLR |>asses^it back to the GW-MSC. TiPie 
GW-MSC routes the call to the KflSC. When the call 
reaches the MSG. tfie MSG queries its associated VLR 
to determine the identity of the called terminal and the 5 ■ 
location area in which' the terminal should be paged. 
This is why the terminal must inform the MSGA^LR 
whenever its location area changes. The VLR responds 
to the MSG with the terminates, identity and LAI. The 
MSG requests the BSS to page the terminal in the ter- ^0 
minal's location area. The BSS sends this paging 
request on to the BTSs covering the cells in the termi- 
nars location area, and these BTSs brbadcast the page. 
The terminalin standby hears the page iand responds. 
After a brief exchange of signalSj- the end-to-end call - 13 
connection is cohiplete. ■ • 

Mobile-originating balls do not require so elatjorate 
a routing mecharriism. However, as security mesfsure 
against fraudulent use of the PLMN and to preserve the" 
confidentiality of the mobile subscriber/ the VLR can 20 
have inforrhatfon khbwn only to it and thie terrhinal. This 
inforrnationis^ohstructed asl^art of the registration sig-~ 
nalinig between the' tefminkl and the MSC/VLR and is 
stored^ at the terminal and in the VLR. When a mobile- 
onginaf'ed ckl! is inftiatedf "this IrrfbVnriation must* '^^^^ 25 
present in the VL'R^o that fraudijreventioh and xorifi-' 
dehtiality mechanishfis can be irn^^ ' - - ' 

Note that termirkr registration^(other thah the initial 
registration 6f a brahd-^^nw termirial) is caused by terrti^ 
nal movirtient from orie Fbcatidn area to another. Thfs" 30 
mdvarierrt is hot dbdrdinated'among the terminals', ahd^ 
thiis occurs raiybliily and af a' rela^^ . / 

' Note also ttiat 'the cdtlefcfirig of cells into focation 
areas is an important trade-off in the detailed design of 
a cellular system: Large "k>cati6ri areas reduce' the 5^' 
number of ternriihal 'f^isfratibns because ^terminals' 
have to travel farther before they leave tHeir curfeW 
location a^iea. Since rejgistratibri consumes radio sijgSia!-'' 
ing*. 'resources, lowisrihg" the"hunTb¥r '6f "'registr£ttions" 
tenite t6 increa^se the capadtjHbf'a PLMN^>^ a given^ 4cr* 
amount 6f mdrbVesourc^. On%ie 6th^ hand, terminals 
must'He'paged acrbfe'th'ei^^^ location aresi-isince' a^ 
terminal is ffee tb'move' ai'ounid inside its Ideation 'area 
without informir^ the network of its moverheFht (vi^' re§^ 
istratidn) . As' a^l6cation%ea?' iiff made larQSr; the-termi- 4S' 
nalsf withih'lt muraft b# p6geCF ih mofe cells. Sfrifce paQfhg' 
aled bd^surhes radio sigrialtn resources.- decreasing- 
theisize of location ai'ea£?tdnds%d in^^ 
of *'PLMN \^-a''given^motB^ fesoureesr 
Thus, it is' desirable to firfd ah aeeejjtable size for rb<»-^ so^ 
tidh' affeas so thai- ia minimum' of radio sTghalirig 
resources are employed fbr tffe joint duties; of registra- 
tion and piagirig.' ^ ' • ' ' ^ ' 

^ The foregoing ofDerationls hnanageabhe in conveh- 
tidnil tisrfeitHal s^tenris ^nce re-registrsitioh is dictated- ss 
by' moverhent of individual temPiinals between location 
areas. Hence, terminals re-register individually, the ter- 
restrial system never requires simultaheous mass' re- 
registratibrr-bf a large nurrriaer of terminals. ' - 



However, satellite based systenr^ experience diffi- 
culties not addressed in terrestrial systems. Proposed 
satellite-based teledomniunications systems. inclLjde 
terminals, satellites, earth stations, MSGs/VLRs, GW- 
MSGs, and a' terrestrial network interconnecting tiie 
earth stations, MSGsA^LRs, and GW-MSCs. The satel- 
lites may perform some functions related to the funcr 
tionality of the BTSs and the earth station may perform 
some functions related to the functionality of the BSS. 

Satellite-t)ased telecommunications systems have 
b^h proposed which employ satellited orbiting- We 
earth at other than geo-stationary altitudes. The satel- 
lites in these systems move with respectto the earth*s 
SLlrface, and so their fields of coverage on the earth*s 
surface continuously charige. In the' analogy 'with 
PLMNs, it is as if the radio towers' (the BTSs) were' in 
conriSnuous rriotioh. The- cells in cellular systems al'ei 
defined t>y the reach of Ihe network radio resbijrcte, 
and thus the' cells in the satellite^based systems are in 
continuous^ motion. Since the cells are In obntinuous 
motion, so- too are the location areas. Because, 'ias 
showh above; a terifiinaf must re-register whenever-its 
location area changes, either 1he terminals would be 
cbrrd^nually registering or location areas would have to 
bevery^arge. ^ 

Further, registrations causaJ by cell motion can 
havecatastrophic consequences on the operation of thfe ' 
satelfrte-based systeh^ The root of the pbte^al catas- 
tidpHe is that the motion of the satellites affects many 
terminal^ in the same way simultaneously, or nearly 
simultaneously. When a satellite no longei' covers' a* ter- 
mfihal.^it is also not covering any oti^er neart>y terminals. 
The grburfd speed of the f ieFd of coverage of satellites in 
projjd^ed safellhe-based'telecommunications systems 
is^ several kildftieters per second. Thus, a great nurr^er 
of terrninals may becofne uncovered by aibartioiiiar sat- 
ellffe In a fnatter of s'ecohds. If air bf these terminals 
were to i^istepto the radio resources ifi another satel- 
lite; tikx other satellite Would be ifiundated with registra- 
tion 'Sighanrig.S'ucha h&r^imultanedus registi^ation of 
teiTiiin^ls in a gwen giebgraphie area is termed a "m^ 
regtsto-atidrf ievent." At the very feast the satellite's traffic 
opacify -Would faH bytie^amourrt of signaling required 
for th^^regisbati^ohs: More likely^ siA available' signaling 
channels would be choked with fegistrati'oh ^signaling, 
ahd^o'ofew- calls either- to ftf^omtermirtals ih the area 
coISId initiateid during regisfratioh: ^ ^ ^ - ~ 

' - to furfrier illustiHfe the^Gbncept^of hlass re-reglstra- 
tioh. reference is made to FigV 2'^ich fllufet-atefe how 
chahgrrig satellite-tb-terrhinei cdnnectivity can trigger 
reH'egistrations1:>etween times t^ and At time t^ satel- 
lite 23 covers ferminals'lh area 25. At time t2 satellite 23 
mtives beyond arto 25. Adcording to the aforemen- 
tioned-process, when- satellite 23 nrK3ves, terminals in 
area 25 regislered^hrbugh satellite 23 at earth station 
27 must re-regiister with earth station 29 or be lost to the 
system. - 

' Moreover; a mass .registi-ation event may occur 
even.while a collecjtibh of tierminafs in a region femaire 
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under the coverage of a single satellite.- In order for a 
satellite-based telecommunications system to function, 
the satellites must remain in contact not only with the 
terminais but also with the network. The contact points 
for the satellites are earth stations. From time to tinie as 
it orbits, each satellite breaks contact with one earth 
station and establishes contact with others. Cdnyen- 
tional * satellite-t>ased telecommunications systems 
include MSCA/LRs as integral parts of each earth sta- 
tior^.^A satellite must be in contact with an earth station 
in pnder to be in cprrtact with the MSC/VLRs in that earth 
station. Thus, when a leaving satellite breate contact 
with the earth station it also breaks contact with the 
uncovered earth station's MSC/VLR Hence, when the 
system routes terminal-terminated calls covered by the 
leaving satellite to an MSCA/LR no longer covered by ^ 
the s^eliite. the uncovered MSC/VLR can no longer put 
calling partiesjn contact with the termination terminais. 
All of " the terminals . registered at the. uncov^ed 
MSC/VLR and in standby under the satellite hav^ effecT 
tively lost. contact with the network. In order. to regain 
contact, they must all register, with some , other 
MSCA^LR which is still in contact wfth the ciavering sat-. 
ellite(s). This mass re-registration event would again 
choke the satellites*, signaling resources and either 
greatly diminish or altogether eliminate the capacity fof . 
new traffic. 

. Rg. 3 iliustrates how satellite-to-earth station con- 
nectivity can trigger re-regfetrations. In Rg. 3. terntinal 
31 is registered In MSCA^LR 33 of earth station 35. As 
satellite 37, the only satellite covering terminal 31, 
moves overhead, it breaks contact with earth station 35. 
At that point, terminal 31. and all simiiarly registwed 
naghbors. must re-register with earth station 39,^ or. 
again, be lost to the system. - * - 

It is not practical to enlarge location areas in satel- 
lite-based telecommunications systems so that registra- - 
tion Is not caused by;, satellite motions. Several, 
proposed systems have low- and medium-earth orbit 
satellites whose fields of coverage move across the 
entire earth in less than a day. Enlarging location areas- 
to a size to include all of the earth or very large portions,- 
of the earth would place an impractical paging, burden 
on the radio resources^of the satellites, r . . rv 

TJius. there^ is a need for a satellite basedrC^ 
telecommunications system that- permits any location 
area size while limiting ttie.number of i;e-registratiqris to - 
only those neces^tated by toe rnqvement^of the termi- 
nals from one location area; to another (no re-registra-^^ 
tions caused by satellite mptpn). F;urther, the^ system 
should be . inter-operable with current commearcially-. 
available MSCs^ VLRs. MSCA^LRs, and GW-MSCs^so- 
that its development cost permits commercially feasible 
implernentation. - - _ . ~ , . 

OBJECTS OF THE INVENTION , . ■ 

An object of the present invention is to provide an . 
apparatus and niethod which permit termir^s that have. 
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lost a direct satellite link to their aligned MSCWLR to 
communicate with their assigned.MSC/VLR through a 
remote earth station without re-registering. 

A further object of the present invention is to pro- 
vide a system that dfesodates an MSCA/LR from a local 
earth station and the earth station's limited and chang- 
ing Jocation area coverage and instead associates a 
MSCA^LR witii a geographically fixed zone of coverage 
for one or more geographically fixed location areas that 
may be serviced by multiple earth stations. 

Still a further object of the present invention is to 
provide a MSCA/LR with a direct communication link to 
any earth station that ipay at any time provide coverage 
to terminals registered to that MSC/VLR thatare within 
that.MSC/VLR's zone of coverage. 

Still a further object of the invention, is to provide a 
satellite systerri that enables efficient tracking of termi-.' 
nals in order to prevent haying terminals lost to the sys- 
tem. . , . . . ' / 

SUMMARY OFTHE INVENTION . . / 

The p^eserrt irrvention includes a satellite based tel- 
ecommunications system having an earth station net-., 
work which enal^les user terminals to rernain registered . 
with a single visitor location register independent of sat- . 
ellite movement so long as thje terminal remains witiiin ' 
a fixed geographic location area. The preferred embodr 
imerrt includes multiple earth stations ^whi^ communi- 
cate wijh user teroni'nals- via coverage satellites. Each 
user terrninal is resistered with "a sirjgle MSCA/LR. As 
the userpasses between location areas. the user termi- 
nal re-registers at a new, associated MSCA/Lr. Earth . 
stations and -MSC/VLRs are interconnected .along a ^ 
dedicated earth station network link. Communications , 
data is pass;ed ..along the earth station network ^ jink * 
between MSC/VLRs and earth stations in .a com- 
pressed, and/or encoded fornlat. Each mIsC/VLR is 
irrtercorinepted, along a- tejrestrial. network ^H^^^ with a., 
gateway and /the public switching telephone network. 
ConrOTiunications data .pass,alpng the terrestrial rietwork 
link in a decornpressed arid/ordec^ ^ 
ally, MSC/vLpts may be. located prfi^icaliy remote from ^ 
earth stations. ,Wher} MSC/VLRs and earth stations are - 
vprovid^ at a common, physical site, a-modem. swato 
provided to. / intercorinect-- .the..-, earth station ^ and T 
MSCA^LR and the eartK siartiqn i^^^ 
tioris and MSCMiRs cpmrnunicate along the earth star V 
tion netwqrk through wide^are 

BRIEF DESCRIPTION OF THe'dRAWINGS ? . . ' \. 

Fig. i illustrates a toiown :terrestrial cellute^ 
communications system. . . ' . . . , ^ / . . 

.,Rg, 2 illustrates ar> example of satdlite-tQ^terrninai 
connectivity . . -.^ , C „ 

Rg. 3 illustrates an example of sateiliterto-earth 
station connectivrty. . . ^ . , ■ . , . , " , 
; Fig. 4 illustrates one embodiment of the satellite- 
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based cellular teleotimmufnicatiore system built in - 93 is provided between the MSCA^LRs 51 and 53 arid 

accordance with the pyesSfftMnvention. the^ateway 5. As explained below; the TNL 93 carries 

Fig. 5 illustrates one embodiment of the satellite- ciata between the user terminal 1 and the PSTN 1 

based cellular telecommunications system built in through the assigned MSCA^LR (53 in the example of' 

accordance with the present invention. 5 Fig. 4) and gateway 5. 

Fig. 6 is a diagrammatic Illustration of alternative Fig. 6 illustrates the system of Fig. 4 in more detail, 

embodiments of the satellite^based cellular* teleoommu- The earth' statiori 47 and the MSC/VLR 51 may be 

nications system built in accordance with the present- locat^ proxirfiate one another at the same eqiiipmertt^ 

invention!' site. /^ernatively. the MSCA/LR 53 may be located at a 

70 separate equipment site 79 remote fr^ any earth sta^^^^ 

DETAILED DESCRIPTION OF THE INVEMTION tion. Ukewise. earth stations 49 and 81 Vnay be located 

physically rernqte ffom any MSC/VLR. The e 

' Fig. 4 illustrates a satellite based telecommunica- tioris 47. 49 arid 81 and the, MSC/VLRs'51 arid 53 are 

tions system according to a preferred embbdinrient of connected along the ENL 4l. The ENL 41 may carry 

the present Invention. The system includes multiple Vs conripressed and/or encoded corrirri^ 

earth stations 47 and 49 which communicate with user mand data betwefen earth stations and MSC/VLRs in a 

terrhinals 1 through communications channels sup- multijileSced niannef. Tlie ENL 41 may be & 

portied by. and routed through, satellites 41 and '43. The ' inciudfe any 'desired number of diannels and operate at 

earth stations 47 and 49 establish and maintain com- • any desired transmi^ion rate. The TNL niay aiso.$up- 

munications links with the user termjnals. By way of zo port any desired transmission rate, the TNL 93 ihter- 

example, the earth stations may be inplemehted as - faces wth the PSTN 7 through a gateway 5. Hence, it 

explained In a co-pending application entitled "Power rnay be desirable to^'cdnfi^ure the TNL 93 to transmit . 

Control' Method and Apparatus For Satellite Based Tel- cornrminications data according to a conventional 

ecommuhicatidns System" (Docket No. 34-0009), filed ■ - staridarci, such as at 64 Kbps. Optionally, tiie TNL-93 

on April 30, 1996 and assigned to' the assignee of the - 2S may trarismit comrriunications data in a compressed 

present application. The abbve reference co-pending " and encoded format to and from the gateway 5. ' ; ^ 
application is expressly fncorpbrated iri Its entirety by With continued reference to Fig. 6. transcoder rate' 

reference. - - • ' ^' ^ . * " - adapter units (TRAUs) 87 and 89 are provided^, at 

The system' of Fig. 4 furtiier includes Mobile-serv-' MSCA^LR 51 and 53. respectively The TRAU 894hter-' 

ices SwitfcHing GerttersMsrtor * Location ' Register^ so connfecte with a Baset>and Controller (BC) lOt'andiper- 

(MSCA/LRs) 51 and 53. As i^ained below, each- forms conpression/encoding upon communications 

MSC/VLR operates independentiy bf tiie eahh stations ' data and passes it to the BC 101 . The TRAU 87 decom- 

and tiius may be housed reriibte'Vierefrom. To ennipha- - presses arid/or decodes communications data received 

size this structural independence, ais shown in'Fig. 4; =^ frorti tiie BC 101. TheTRAU 87 interconnects with. BC 

MSC/VLR 51 is iirustrated as being tecated^^ an ^arth"^- "55 "-100 and performs compression and/or encoding upbn * 

station 47. -while' MSCA/LR 53 is iHus^fki -Bs- being- ' communications data and passes if to the BC 100. The 

locSled physically remot6 from tiie earlh^tatiorfe 47land ^ TRAU 87 decompresses and/or decode communica- ' 

49: "me MSC/VLRs 51 ard 53 riT^fitainlermfria^ iderrti^^ tions data-received from BC TOO. 
ficatibn information and terriiin^locafo^ * iSG ibo-contrds the corrfiguration of the modem 

terminialS Within --locati&i' areas'* a^^ each swftcH 9t artd iseleci's circuits (e.g:. channels) in thle 

MSGA/LR. By way' of 'fccan^ei M5SA/LR 63 rti'ay 15e modulators ^fnd demodulators 7t .• g3 and 85 for iise in 

assigned to a idne" of iiwferagis w^ cortmiunicating with teVmihals. Optiorially" the circurts or 
areas 55. 'ti arid 59. Slmnarty;- MSCA/LR- ^1 nrS:y 'Be chainnel^n the iri mod^errods^ 71 , 83. and 86 may be 

assigned to ^ the '^ne 'of co>^^ assigned by a system tip^raforis center -104. Orice 

area's 63 atfid 64. Thus;,'^ser4e^mihals'w locattSh^ -45 • lassignedr thecirfcy ts'^d^ for'use 

areas 5Sr S7 %nd 59 are registetfeS witii MSGA/LR;-53{^;-; by BCs 100 and ^ 01 artd thirebj^ for use-tiV MSG/VLRs ■ 

Userierininals Sftritiiin legation a^^^ 51 and'53; respJecfivery. Alfematiyely. resource rnanag- 

islered with MSC/VLft 5'f . A^ shown iri^Fig. -4.- afthougfi"*^ ' ers pi'dkirnaf e to "6ach of earth :startioris -47. 49.' and 81 

terminal 1 is registered witii MSCA^R 53, thVtferrtifhar^ ' ma/niahage cH-cuit as&griment on a cafl^by-calf basiis- 

is located within tiie coverage area 61 of satellite 45. so las demarided by BCs'lOD^d 101. To simplify further 

Thus, terminal 1 maintains a communicatioris link wwth - disaissionl it is^asstimed th^ the circuit assigrmnenfe 

eartii station 47 through satellite 45. As explained are' irmhaged by resource nTanagers proxinrate to ^^ 

below, the terminal 1 remains registered with MSCA/LR earth station. - - ■ '■■ 

53 without re-registering with MSC7VLR 51: Modem switch 91 interconnects with a WAN ihter- 

- The-system 6fl^g.-4'further~includes an' earth sta- ss face 92 and with a modulator/demodulator 71 within the 

tion network link (ENL) 41 which provides a comrhuiii- ' earth station 47. The modulator/demodulator 71 modu- 

catioris path, such as ^ wide area network between lates communications data into an RF signal which is 

earth station 47, earth station 49, MSC/VLR 51 and - transmitted by the eartii stationH7 to tiie subset of sat- 

MSCA/LR 53. A separate ten^estrial network link (TNL) ellites 43, 44.^ arid 45 which are^n contact w 
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tion 47. In addition, the -.modulator/demodulator 71, 
receives and demodulates RF signals from, the same 
subset of satellites 43. 44. and 45 to provide communi- 
cations data which is supplied to the modem switch 91 ./ 

Earth stations 49 and 81 also include WAN inter- 5 
faces 84 and 85 which provide interface between the-, 
earth- stations 49 and 81 and the ENL 41. The WAN 
interfaces 84. 85. 90 and 92 may communicate based 
on conventional wide area network standards and may 
utilize conventional protocols to transmit communica- io 
tions and command data between the earth stations 
and MSC/VLRs. The earth stations 49 and 8% also, 
include modem switches 102 and 103. respectively; 
which connect rnodulator/demodulator units 83 and 86 . 
to pprts in the WAN interlaces 84 and 85. respectively, c is • 
The modulator/demodulator .units 83 and 86 modulate . 
comrnunications data received from the corresponding 
modem switches 102 and 103, respectively.^The modu- . 
lator/demodulator units 83 arxj 86 also demodulate 
Inconriing communications data received from ttie sub- 20 
set of. satellites 43. 44, and 45 which are in contact with 
the corresporKiing earth stations. . . 

The modem switch 91 operates to selectively-con- : 
nect the mod/demod 71 to one of the. ENL 41 and the . 
BC, 100. The modem swwtch 91 also selectively con--, 25 
nectettie BC l6ototheENb41 or the mod/demod; 71 at - 
earth station 47 (as explained below in more detailj.-The . 
modem switch 91 Is controlled by the resource manager^ 
in earth station 47 to direct communications data 
received from a user terminal through the BC and TRAU so 
to the MSC/VLR at which tiie terminal js registered^ 
Hence, when an earth station 47 receive^ an incoming 
call from a user terminal registered at MSCA^LR 51 ; the 
modem switch 91 Interconnects the mod/demod 71 and - 
the; MSC/VLR 51 through BC 1 00 and TRAU ,87,; /Vfter- 35 ^ 
natively, if the earth station 47 receives an incoming cali^ 
from a user terminal registered at tMSC/VLR ,53.,the:, 
modem switch 91 interconnects the mod/demod 71 with 
the WAN interface 92. The WAN interface 92 passes-the^ 
communications data within an assigned channel to the 40 _ 
WAN intepfece 90 whichrin turn, relays the comrnunica:? 
tions data . through BC ,101 and TRAU. 89 to the 
MSC/VLR 53. , . ^. 

---When utilizing a compressed and/or lencoded-for- 
mat. the communications data passes from earth sta- 45 ; 
tion 47 to MSC/VLR 53 in a compressed/encoded 
format along the ENL :41- -The TRAU 89 decompresses 
and decodes the .communLcations data recjeiyed from 
the . WAN. interface 90 througb BC 101; and the 
MSC/VLR 53 in turn places the decompressed/decoded so a 
communications data upon the TNL 93 which ultimately 
carries the communications' data Ao the . destination 
caller- Similarly, inconriing calls ffrpm the, PSTN 7 to a 
user terminal are passed. atong the JNL 93 in a decom- 
pressed/decoded format to the MSC/VLR at which the ss.- 
destination user terminal is registered. Jncoming calls 
through, the MSC/VLR- 53 are cornpressed and/or 
encoded in the TRAU SS.and passed through BG 101 to 
the WAN interface 90.:The resource manager In earth 



station 79 instructs the WAN interface 90 to pass the 
compressed/coded communications data to an appro- 
priate earth station assodated with the location, area 
containing tlie user terminal, c 

Next, an exanple is provided in connection with. 
Figs. 4 and 6. With reference to Fig. 4. a call directed to 
terminal 1 from the PSTN 7 may. enter the network 
through gateway 5. The gateway accesses the HLR 3 to 
determine at which MSC/VLR the terminal l is regis- 
tered. As shown in Fig. 4, terminal 1 is within location 
area 55 and thus registered at MSC/VLR 53. The HLR 
3 passes this information to the gateway 5 which directs 
tiie^communications data along, the TNL 93 to tiie 
remote MSC/VLR equipment site 79 housing MSC/VLR 
53. The TR/^U 89;Compresses and/or ericodes the com- 
munications data. To estatjiish a communications link 
with the user terminal, the MSC/VLR. 53 and BC 101 
may pass command data between'WAN interfaces 90 
and 92 (reference Fig. 6) to inform the; eartii station 47 / 
of the last known location, area of the temninal 1 (e.g.. 
location area 55). ^ . ^ , ' . 

The resource manager in earth.station. 47. utilizes , 
internal geographic mapping information to determine , 
how to access terminal 1, such.as^the satellites and. 
spot beams covering location area 55._The geographic 
mapping Information niayi^be updated -continuously to 
include information regarding tfie vnosX appropriate sat- 
ellites, spot beams.. arxJ subband to provide coverage 
fort the specific geographic location, identifi^ by. the 
MSCA/LR 53. .The rnapping information: may be t>ased 
upon satellite movement, satellite onyerage. satellite 
activity to earth stations, earth station, sharing plans, 
system traffic management plans and load balancing 
information. Once ttie appropriate geographic mapping 
information is^deitermined. the mod/demod. 71 in earth 
station 47;transmits-a page signaUo the user terminal 1^ 
along prie^or morerpaging channels. By way of example, 
the mapping and paging procedure may be carried out 
in accordance rwith the system disclosed in a cp-pend^: 
ing appliqatiqn entitledf User Paging for.Mobiie Sateliite 
Cprnrnunications" filed on Januay. 14, 1 994. Serial No. 
08/^81,932.. which Is assigned to the ,a^ignee otthe- : 
present application and expressly incorporated herein 
in its entirety by :reference.^ \ r 'i,: - . . " ' i'^ 

By way of example, when thes^ \ 
nal\1 are ppsitionedas shoim inrig station 47 c- 

con^tutes the. only . ^rth station within Ih^ fieid of yjew.** 
ofiS^tellite:45. Herice, earth ;Sla^^ 47'nay establish 
and 'maintain a ^ communications^ link with, terminal .l? 
through satellite 45,. - Therefore. MSCA/LR 53 instructe.^" 
earth station 47- tp transmit a paging -signal to location . 
area 55 directed to terminal ^1. The comrnand to initiate; 
a page is passed from MSCA/Lfl 53 through WAN intei^-. : 
faces 90. and 92 along^an assigned, channel within the: - 
ENL 41. .The paging comrnand is . routed, through- the .: 
modem switch 91 to the mod/demod 71 vyhich transmits, 
a page. When the paging signal is acknowledged, by ter- 
minal 1 .- the acknowledgement is passed back tjetween 
mod/demod 71 and .^MSC/VLR^ 53 through modem 
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switch 91. WAN interface 92, ENL 41, WAN interface 
90, BC 101 and TRAliJ '89. Thereafter, once a call is 
estaLblished, the TRAU 89'|5asses compressed/encoded 
communications data through BC 101. WAN interfaces 
90 and ^. modern switch 91 and mod/demdd 71 to the 
user terminal 1 . ' • 

Next, an example is provided whereby the terminal 
1 initiates a call to a 'caller within the PSTN 7. To initiate 
a call, the terminal 1 transmits a call request, along with 
identification information d^signatirifg the hAStNLR at 
which the terrtiinal is regidered." With reference tb-Fig. 
4. terminal 1 passes identrfication information for 
MSC/VLR 53 within the call request su<p as iyiSCA^LR 
I.D.. location-area I D. and the like." As shown jnrFfg. 6, 
the earth station 47 instructs the modem svvitch 91 to 
corinect with the WAN interface 92. Thereafter, the call 
request information is relays between WAN' interfaces 
92 knd 90 to the MSCA/LR 53 identified -in the call 
request. Optionally, the MSC/VLR & may' return 
instriftrtionaf infdrhtetioh to the earth" station 47 which 
may be needed to establish a communications link with- 
user terminal "1. Once the comnrruriications 4ih'k^is ©stab- 
lished'between terminal 1 and earth station 47. oo'rnmu-^ 
nidations' data is Velayed between WAN irilterfaces 92 
and 90alon^ the ENL 41 in a compressfed and eridoded 
format. The coirimunications data is-dedompi^essed send 
decodecTat the TRAU 89 and passed via the MSCA/LR^ 
53^onto the TNL'93 arxJ to the-PSTN 7. ' * ' " * ■ ^ • ^ 
' Next, arf example is -provided in connection with^- 
Fig. 5 in whicHlerniirtaJ ^1 ?noves fromiocation area 55* 
and enters location ar^e^ 63r Locateon area* 63'- is* 
assigned to' MSCA^LR 51 'and thus the terniinah 1 Is re- " 
regi^ered with^'MSGA^R -517- To effect re-registratibri^ 
the MSGA/LR 51 'hiay record the'new) geographic Idea-' 
tioh of terminal - T. along with any' hfeessai-y termlrtai' 
id6nfificatioh*-irTfofmatioh: In addition; 'tfie' HLR '3 'Is' - 
updated to indicate that iermiharM is^ now registei-ed 
with MSCA/LR 51. The -Ht^R 3 instructs MSOVLR S3 to"; 
de-l-egister the terminal:- ThiS, when oalls are directed ' 
to thfe^ter-minaJ 1 from the PSTN,' the gateway' S'checks? J '4d 
th^-fVtSISDN number of the^efmirial 'i arid det^rmirTes" 
frdriri the HLR 3 that <he tefrhlhal is now registered vwtK - 
MSGA/LR-5T. Cdnsequehtlyri^eSatewa^^ 5 foutes the I 
call to MSCA/LR 51 along the-TtQL93.^The catlls* tinren * 
corripr^issed and ehcbdSl fc^^flAii'B7'eHd' passeS to 
BCMOOi-The resourief^is =i7fe^n^ag^^ earth^'sfafibh 4^'^ 
insfi-dcts frie nrodem switdh' 94 tolntefidnnect the oom-"'^ 
miiriication with' the rfK)bA3eni6tf'71-dri^ectlyr^^^ 
ENL 4'1 . since'the ^td^ed terrriinarirfformatidrf ihdi6^t6£^ 
thai-earth sitetitori'^47 knd'^atelfife'45 must'=be used- to 
affbni^'comrrifinications ^ir^ WithliermtnilM ; We^'m- ■ 
muhicatidns-data i& then^ssed'fi^bm tfie BC tOO to the 
modulator 71 '"^ich modulates the 
dala into^n RF signaKwrtiich is'frahsmittea by friS^earth " 
station 47- thfdugh' satellite 45 t6 the t^er^termihial H. ^ 
TMSs a is maintained 'withotft 

using the ENL 4l .■ - • 

A^ to calls initiated by the user terminal i rthe earth ' 
station 47 receives the call request from termirial 1. The 
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earth station 47 obtains, from *the call, the MSGA/LR 
iderifificalion irrformatioh designating the MSCA/LR at 
which terminal l is registered. In the example of Fig. 5, 
termirial t is registered with'MSG/VLR 5i. Thus, tiie 
resoiirces manager In earth stsftion 47 controls modem 
switbh 91 to interconnect the demodulator 71 with the 
BG 100.^ Outgoing communications data is then passed 
from the demodulator 71 to tiie BC 100. The data Is in 
turn decompressed and decoded by TRAU 87 and 
routed': by the MSGA/LR 51 onto the TNL 93: 

According to the foregoing process, the preferr^ 
embodiment of the present invention enables user ter- 
minals tb remain registered with a single MSCA/LR until 
the- user terminal leaves a fixed geographic location 
area assighmerrt to the MSC/VLR. The preferred 
eriibbdiment ertables re-registration to be cai'riied inde- 
pendent of satellite irioverherit arid independent 61 earth 
st&ti on positioning. 

Optibrialfy, the ENL 4T may support any -desirdd 
data ^rarisrViissfon -rate, suelr as those u^ed In standard 
terrestrial ISDN networks (e.g., 64 Kbps) and thia like. 
Optionally, the ENL 41 mdy be corifigured to carry data 
in a multiplexed manlier, such as time division multi- 
plea^, in order to afford 'multiple data channels along a 
single network. Opitionally, the ENL 41 may"* support a 
tofaf transmission rate of 64 and be configured to 
support 8 channels, with each charihe! frarismitting at 8 
Kb iis? - ^ 

' iAfliile pa^rticular elements, embodiments and appli- • 
cattons of the present invention have been shiown and 
de^'nbed,^it wilPbe understood, of course, that the 
iriventioh is rrof limited thereto since modifications may 
b^' made by those skilled ih'the art, particularly In light of 
the toregbihg teachingsl It is. therefore, contemplated 
fc>y the appended claims to' cover such modifications ^ 
iricdrpofate 4hose features which come within the spirit 
aftd scdj)e of the invention: 

dairns ^ - ^ - ■ 

1; A su&system' iri a -satellite teased- telecornnriunica^ 
'''tioris system of the type havir^g at least one satellite 
which supports communications between user ter- 
* - Vriih^s and earth stations, said 'siibsysterh cbmprls- 

r:>i: a lir^Bartfe station fcr establiishin^ a cortimuhi- 
. 7 '^cation^link^witfialisier tei^itfiriialr ' : ^ ' 
^ '"^a first MSG/VLR- -having a^fnebile services 
f - ^switchihg cefTter XMSG) ^arid a' visitor- locatiorf 
^ regrstbr'(VW=l) fbr st6ring tei-mmal irifoi-rhatioh* 
for* tefrfiinais registered therewith -while said 
' ' terminals are* locate In a f ir^ zone of coverage 
assigned to said first MSCA/LR; " 
: ' an earth sfatidh nefwofk,-intercbnnecting said 
~ first earth'Station^and first MSCA/LR, for can-y- 
ing communications data therebetween; and 
a terrestrial 'network, connected to said first 
^ ' MSGA/LR, adapted to- carry communications 
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data to and from a public telephone system. 

2. The subsystem of claim 1 , wherein said terminals 
are registered In only one visitor location register. 

3. The subsystem of daim 1, wherein said first 
MSC/VLR and first earth station are physically 
located at different equipment sites remote from 
one another. 

4. The subsystem of daim 1. wherein said first 
MSC/VLR is outside a field of coverage of the satel- 
lite covering at least one user terminal registered 
with said first MSC/VLR. 

5. The subsystem of claim 1 , wherein said earth sta- 
tion network carries said communications data in at 
least one of a conrpressed and encoded format and 
wherein said terrestrial network carries said com- 
munications data in at least one of a decompressed 
and decoded format. 

6. The subsystem of claim 1, further comprising: 

a second MSC/VLR and a second earth sta- 
tion, said second MSC/VLR and second earth 
station being located at a single common 
equipment site: and 

a modem switch for interconnecting said sec- 
ond MSC/VLR and second earth station to 
pass communications data therebetween inde- 
pendent of said earth station network. 

7. The subsystem of daim 1 , further comprising wide 
area network interfaces for interconnecting said first 
earth station and first MSC/VLR with said earth sta- 
tion network 

8. The subsystem of claim 1 , further comprising a sec- 
' ond earth station and a second MSC/VLR con- 
nected to said earth station network, said first and 
second MSC/VLRs being associated with unique 
first and second zones of coverage, Mh of said 
first and second earth stations being located In said 
first zone of coverage, wherein one of said first and 
second earth stations pass communications data 
from a first terminal In said first zone of coverage to 
said first MSC/VLR arxl communications data from 
a second user terminal In a second zone of cover- 
age to said second MSC/VLR. 

9. The subsystem according to claim 1 . wherein said 
first MSC/VLR pages said first terminal through a 
paging broadcast conveyed through said earth sta- 
tion network to said first earth station which pro- 
vides coverage for said first zone of coverage 
containing said first terminal. 

10. The subsystem according to claim 1, wherein said 



user terminal Initiates a caltby^transrnitting a chan- 
nel request containing ari' identifier, and wherein 
said first earth station. relays said channel request 
along said earth station network to said first 
5 MSC/VLR at which said user terminal is registered 
based on said Identifier. 

11. The subsystem according to claim 1, wherein said 
MSC/VLR further includes transcoders^for encod- 
10 ing and decoding calls 'passed between said earth 
station network and Said terrestrial network 

12.. The sut^system according to claim 1.. wherein said 
first earth .station transmits calls along said earth 
75, station network to said first MSC/VLR in an 
encoded format, and wherein said first MSC/VLR 
converts an Incoming encoded call to a decoded . 
..calfand transmite said, decoded call along said ter- 
restrial network ; ' 

20 ^ " ^ , 

13. A satellite based telecommunications system com- 
prising: . , . , 

a plurality qf satellites; ^ . , . , s'^ ^ 
25 , a plurality of earth stationsf at least first and 

second visitor jocaton registers haying unique 
^ - assodated first and second zones d coverage 
/first and second terminals located in said first 
arid second zones 6f/coverage and registered 
30 . , at said, first, and second visitor location regis- 
ters, respectively; \ , , \ 
.. .a gateway haying a home loratipn register^^ 
home location register storing routing Informa- 
tion identifying a visitor b'cation register at 
35 which each terminal is registered . jsaid gateway 
directing cpnirriunicati^ a pub- 
^ ^ lie telephone sy$t*em and one of said first and 
• .second visitor location registers' based on said 
routing infornhation stored in said home loca- 
40 , tion register; and 

a direct communications link t»etween said vis- 
itor location registers and said earth stations, 
wherein said first visitor location register directs 
communications data to and from any of said 
45 earth stations through said direct communica- 

tions link 

14. A method for routing calls in a satellite based cellu- 
lar telecommunications system of the type having 

5a , at least one satellite supporting communicating 
between user terminals and visitor location regis- 
ters assigned to unique zones of coverage, each of 
the visitor location registers containing terminal 
information for user terminals registered therewith, 

55, the method connprising the st^ of: 

registering terminal identity and location infor- 
mation for a terminal located in a first zone of 
coverage with a first visitor location register; 
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storing ^id terrhiifal identity and location infor- 
niatidn fronn'sald fir^ visitor location register in 
a home location register; 
receiving a ciall from a public switch telephone 
network directed to a terminal; 
routing the call to a visitor location register at 
which the terminal is registered based on a ter- 
minal ideritifier in ttie cali and terminal identity 
and location inforniatlon stored In the home 
location register; and ' 
rerouting the Call from the first visitor location 
register to an earth station capable of estab- 
lishing a cbmriuiriications link with tfie user ter- 
minal^ said call being rerouted along an eahh 
station network. 
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1 5. The method of cfairrt 1 4, further cojrprising the step 
of compressing the incoming cali prior to transmis- 
sion from the visitor location register to the earth 
station along the earth station network. 



20 



1 6- The method according to claim 14, further compris- 
ing the step of locating the visitor location register 
. and the earth station reriicrte frorh one another. 

17. A me^thod accbirding to daim 14. further comprising 
the sfep'of utilizing modem switches to interconnect 
' at least one e^rth station with ai first \flsitor location 
' register located pro)i:imate and at tiie same equip- 
ment site as the eith station; said' modem; switch 
connecting the eprth station with a second visitor 
■^locafioh register IcK^ated remote frorri the earth sta- 
/ tbn'anci df a second equipment sjte; and 
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selectively connecting th^ earth station with 
one of the ffst arid second visitor location reg- 
ister^ d^^nding upon tiie zone of coverage 
\KSthin wmTch'a'current Oset termi nal is "located. 
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